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Why rare c
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K ‘The success of the Standard Model \

means no direct evidence for new physics at the known energy scale,

-
C 4
AN

leki Miyake Fermilab Wine & Cheese Seminar August 19", 2011



Key tool: FCNC

uct uct TJE'E' ‘agg

1 Flavor-Changing Neutral Current

1 Tree amplitudes forbidden
1 Occur via higher order loop amplitudes

SM

BSM 1 Heavy BSM particle could contribute to the loop
v Modifies the decay amplitude

SUSY Technicolor
How to distinguish BSM penguins? Extra dimension

Fourth generation

Hideki Miyake Fermilab Wine & Cheese Seminar August 19", 2011 4



Rare and rich: b

EW penguin W-box diagram

Rare 1 suppressed by ag,, in SM

v' Br(b>sup)=0(10")
v" Accessible due to abundant b quark production

Powerful Tevatron

Rich 7 Rich signals Excellent CDF detector
v’ Various b species B?, B*, B_, A, ...
! 1 Rich phenomenology

\/ Comnleyx kinematice (three ]"\nﬂxr r]ond'lxr\

Provides discrimination of BSM models _

\/ULLLtJLUIX AINLALTAICULITICRALAI LD LLJ.L ) 2 U\/LJ \© § 2 7 Jj
—>total BR, dlfferentlal BR, anifﬂar analysis
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Goal of this talk

1 Multidimensional approach toward BSM

with rich b>suu samples

v' Various Observables

1 Total BR

- Requires little data
- Limited sensitivity to NP

1 Differential BR

- Requires more data
- Sensitive to NP

Hideki Miyake

1 Angular analysis

- - Requires lots of data
- Most sensitive to NP

Fermilab Wine & Cheese Seminar

v" Various Channels
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CDF analysis history

B*>pwK* and B'>p* K™

% Search for the Flavor-Changing Neutral Current Decays CDF Runl 88 pb-!
- Phys. Rev. Lett. 83, 3378 (1999).

\s=1.8 TeV

Search for the Decay B, >pp ¢ in pp Collisions at
yBZHH QPP CDF Runl 91 pb™
- Phys. Rev. D65, 111101 (2002).

£WI%\ Search for the Rare B Decays B> pwK",
=D B->ppK(892), and B> ¢ at CDF

- Phys. Rev. D79, 011104(R) (2009).

CDF Runll 92

P Measurement of the Forward-Backward
& A A Asymmetry in the B>K® pp Decay and

/ First Observation of the B’ ou"p- Decay
- Phys. Rev. Lett. 106, 161801 (2011).

CDF Runll 4.

This talk:
Update using 6.8 tb'*

Hideki Miyake Fermilab Wine & Cheese Seminar August 19", 2011
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Tevatron

Collider Run Il Integrated Luminosity

1 Tevatron
v pp collisions at Vs=1.96TeV

1 >9.7tb* data on tape
(6.8 tb* used for the analysis)

Run Integrated Luminosity (pb");E

Weekly Integrated Luminosity (pb™)

i S
20.00 ‘ || “"
HH‘H 2000.00
000 et |||IIIIII|||H||||HNIHHMH . 0.00
] 35 65 95 125 155 5 335 365 395 425 455 485 515



1 A general purpose detector

v" Suitable for b->sup analysis

Tracking system
1 Silicon tracker (SVX)

Excellent tracking
| 1 Drift Chamber (COT)
west GO (mimbelr) east
PID -precise momentum
-0(pr)/pr*~0.07% (GeV/c)™
1 COT (dE/dx) - precise vertex

- o(d,) ~35 um for p;>2 GeV/c
1 TOF :

Muon chambers
4 CMU/CMP (|n|<0.6)
1 CMX (0.6<| 1 |<1.0)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 1 O



west

Hideki Miyake

COX (mintsldey)

1 A general purpose detector

v" Suitable for b->sup analysis

Tracking system
1 Silicon tracker (SVX)
1 Drift Chamber (COT)

east

PID
1 COT (dE/dx) Good K-mt separation
- 1.40 K-t separation
1 TOF for p>2 GeV/e track
Muon chambers
1 CMU/CMP (|n|<0.6)
1 CMX (0.6<| 1 |<1.0)
Fermilab Wine & Cheese Seminar August 19t | 2011 1 1



C%DF IT detector

1 A general purpose detector

v" Suitable for b->sup analysis

Tracking system
1 Silicon tracker (SVX)
1 Drift Chamber (COT)

PID
4 COT (dE/dx)
1 TOF

West CIA (minslde) | east

Muon chambers

1 CMU/CMP (|n|<0.6) Provide
dimuon trigger
1 CMX (0.6<| 1 |<1.0)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 1 2



Event selection: overview

Signal mode Control sample
h hadrons B 3

¢/'/' e A SR
¢>K'K B+>K*uu B+=>J/yK*
K> K+
B B,~>puu B,>J/yo
K>t v A>pm B*>K*up B*>J/pK'™*
P \K*-F%KST[_'_ j BOQKSHH BoeJ/IPKS
B C A2 App A2J /WA

1 Start from dimuon trigger
v' Reconstruct H,2>hpp .
v/ Optimize event selection by NN Dimuon mass

12 channel analysis!

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 l lj
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yFour dimuon triggers \
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CMUP-CMU

J/”_“ I




Hideki Miyake

[Loose event selection

1 Track quality Py
v" Number of hits '

1 Vertex quality
v Vertex probability

1 Kinematics o
Y Pr Ly o

v Ly, dy

. dx SN
1 Particle ID 4 *
v Kaon ID (dE/dx+TOF)
v' Muon ID

1 Hadron mass
v KO o, K, K+, A (around world’s average mass,
10~20 or 50~100MeV/c?)
v" ]/ for control sample

Fermilab Wine & Cheese Seminar August 19" | 2011 1 5



Control sample yields

CDF Run Il Preliminary L=6.8fb™

Yield: 28299 + 233
8000 \ass: 5279.3 = 0.2 MeV/c’

10 MeV/c?)

(

~+Data
— Total Fit

4+ Data

— Total Fit

Events / (10 MeV/c?)

Events /

- Background

B>

Lo D Pwen L lna Lo |

54 55 56 &7 . . .3 654 65 66 67

M(uuK) (GeVic?) M(uuK") (Gevic?)

CDF Run Il Preliminary L=6.8fb™

900 Yield: 4555 + 79
Mass: 5279.4 + 0.4 MeV/c?

00('.ZDF Run Il Preliminary L=6.8fb™

Yield: 9470 + 114
1600 Mass: 5280.5 = 0.3 MeV/c?

)

-
@

~
o
o

=+ Data

= Total Fit

=+ Data

= Total Fit
Signal === Signal
Physics Background Background

BO
J/WK j/ll_,KS'

Events / (7 MeVic
[--]
o
o
Events / (7 MeV/c?)

- -
r ~
o =3
=3 =3

@
v

- Background

reflection

"4 "E5 56 5.
M{K (K ) (GeVic?)

1 Clean signals for all channels

Hideki Miyake Fermilab Wine & Cheese Seminar

CDF Run Il Preliminary L=6.8fb™

FYield: 4574 + 65
900 Mass: 5366.9 + 0.4 MeV/c?

=]
o
o

+ Data
— Total Fit
-+ Signal

~
o
o

Events / (7 MeVic?)

== Background

P o

o o

o o
T T T

3
o
=3

[X]
o
o

-

-
o
=3

081 52 53 54 55 56

M(upg) (GeVic)

CDF Run Il Preliminary L=6.8fb™
400 Yield: 1736 + 53

4 Data
— Total Fit
=== Signal

Events / (7 MeVic?)
w
[=]

- Background

57 58 59 6
M(uuA) (GeVic?)
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Rare decay candidates

1 Expected rare decay yields-are 100 times smaller than the control
sample’s while suffering from larger backgrounds due to wide dimuon

ImMass range

_ CDF Run Il Prelimina

N.: expected signal
N,: # of candidates

N,~680
N,~50000
B*>K* pp

0
0551 - 5.4 56 5.7

2.0 2. a7
M{uuK) (GeVic?)

_ ,‘DHCDF Run Il Preliminary L=6.8fb"
4 300

N,~2500
B+9K*+pp~

54 55 656 57
i (K ) (Gevic?)

CDF Run Il Prelimina
< 3000

M 1
WL L

N,~490
N,~27000

05 51 52 53 54 55 56 &7

MiupK") (Gevich)

- CDF Run Il Preliminary L=6.8fb™

N,~4000
B2 Ks up

——

51 52 53 54 55 56 57
Miupo) (GeVich)

CDF Run |l Prelimina

N,~200
N,~2300
A2 A pp

1 Large backgrounds...challenging analysis!

Hideki Miyake

Fermilab Wine & Cheese Seminar
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More background reduction

1 Dominant BG: accidental combination of hadron+muons

Optimized by neural network
1 Possible physics BG:

e Charmonium decays (H,=>J/yh)
Reduced by vertexing, mass cut,

e Charm decays (H,2>D(=>h’h”)h) kaon and muon ID

Also apply some vetoes:
Charmonium mass
Charm hadron mass

« Charmless decays (H,~>hh’h”)

« Cross-feed among b—>suu decays

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 l é



Physics BG: Charmonium decays

1 H,>J/p(=>uwh
v' ~100 times large BR
~11o “60

} )/ mass veto ‘/\

Wide mass veto
to remove radiative tail

J/U!) mass veto

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 1 9



Physics BG: Charm decays

1 H,->D(>h’h")h) D°D*D. A
v 1~100 times large BR e

D mass veto
Muon ID

Long-lived D vertex also reduces
the contribution

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 2 O



Physics BG: Charmless decays

{ H,>hhh’

v’ 1~10 times large BR

n M Fa ke IJ- 3 2 53 54 53 " . 2 53 54

6.5 5.6 5.7

B mass B mass MeKceve)

5.5 u5.3 5 3 5.2 53 5.4
M(uuK ")(GeVic’

B mass
Cannot be vetoed by the intermediate mass AN

5.5 5.6 5.7
M(upk,)(GeVicT)

—ou
Mo
—Q)K:J'E'
Eon K

Negligibly small due to good muon ID :

55 56 5.7 64 65 56 57 58 59 6
M{uu)(GeVic’) )

M(uuA)(GeVic?
" B mass

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 L l



Neural Network: training

». | Employ Neurobayes™ « Use 15-18 kinematical variables
o | Signal is taken from MC « Most effective variables
. BG is taken from sideband v' H, kinematics (e.g. L,,, D,,)

GeVic

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 é L



Neural Network: optimal cut

« ~Find optimal NN cut to
maximize the significance

n_1'.':[}F Runll Preliminary L=6.8fb™

B -

o o
e
"

Number of Events
L
o
-1

Ns/\/Ns + Ny

w
(=]
S

N.: expected # of signal
N,: expected # of BG

+— Expected Signal

1 Expected Background

o I S/ \m | : v

#91 0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.99 1°
NN discriminant

50[ |

« A,2>Appis optimized by
Ns/(5/2 4+ +/Np)

G. Punzi, arXiv:physics/0308063 (2003)

since this is a search aiming at first observation

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 A J



b—>suu cross-feed (1)

1 Dominant physics background after all event selection
v Generally small in the signal region

1 Possible larger cross-feed between B> K uu and A2 App

i
56 57 58 59

Mass(BO) Mass(A,°)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 A 4



b->suu cross-feed (2)

1 To reduce cross-feed event,
evaluate momentum imbalance of

daughter particles
q* _ qz_ - qz
@> o=3 -
indicates

“cross-feed region”

A

Fat wil P mal| TG PR PR _
2.4 4.45 4.5 4.55 4.6 4.65 4.7 4.75 4.8 4.85 4.9

3.6*"M,+|q

R

q,: projected momentum to
NK, direction KsHH
—->removes 90% of A (signal loses 7%)

App
—>removes 76% of K (signal loses 11%)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 L L)



Hideki Miyake

b—>suu cross-feed (3)

1 'No significant cross-feed (Largest: K°<—>¢ (~1%))

B 56 57
B Mass (GeV/c?)

B+9K*+|J.|.ly

’Eil!i E i

54 55
B Mass (GeV/c?)

Fermilab Wine & Cheese Seminar

5.5 56 57
B Mass (GeV/c?)

B> K, pp

107

58 59 6
B Mass (GeV/c?) B Mass (GeVi/c?)

August 19" | 2011
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Hideki Miyake

Candidates / (20 MeV/c?)

Rare decay yields

CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™ CDF Run Il Preliminary L=6.8fb™
" Yield: 234 + 19 | Yield: 164 + 15 " Yield: 49+ 7
[ Mass: 5277 + 2 MeV/c? | Mass: 5277 = 2 MeV/c? [ Mass: 5361+ 4 MeV/c?
B'— K'u*y B°— Ky g Bl ¢u'y
+ Data + Data + Data
— Total Fit — Total Fit — Total Fit
—-Signal =+ Signal =+ Signal
---Background ---Background ---Background

i | BO>K*Oup B> pt

jy
[=1] [=2] [=]
o o o

Candidates / (20 MeV/c?)
Y
[=]

Candidates / (20 MeV/c?)

L I I i s laal ...-m-tl\ L1 I\‘_. u*ILfAJ;Lu

51 52”5:‘3ﬂ54 I5£'nl56‘57 . 5.2 53 54‘55 56 5.7 0 51 5.2 53 54 55 56 5.7
M(uuK) (GeV/c?) M(uuK®) (GeV/c?) M(uuo) (GeV/c?)

Candidates / (20 MeV/c”)

CDF Run Il Preliminary L=6.8tb™" CDF Run Il Preliminary L=6.8fb™ I

r Yield: 20+ 6
Mass 5285 £ 8 MeV/c?

B> K" [T
-+ Data

— Total Fit
—-Signal
---Background

B*>K*

)

" Yield: 28 + 9 0
Mass 5284 1 9 MeV/c? B 9 Ks'
B°— Kquru

+Data Remove 99.1~99.8% of BG

— Total Fit

::giagcnkzlround Whlle keeplng
20~50% of signal

+
=

Can®& tes/ (20 MeV/c

!
i
id
I‘

AT ) ;\MLj_Mu (*) First reconstruction

51 52 53 54 55 5.6 5 51 5.2 53 54 55 A1

M(uuK™) (GeV/c?) M(upK )(GeWC) in hadron collisions

Fermilab Wine & Cheese Seminar August 19t | 2011
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Baryonic rare decay: A, Aupu

1 Simple extension of b=>suu transition to b-baryon decays
v Different sensitivity from K*upu

1 Small but accessible BR ~O(1079)

1 No experimental search result
(although >25 theory papers)

1 Can measure Agg (difficult in @up)

universal extra

*.-._dimension (UED) ' -

o
o

App(Ap— ;“\+Jll+ +u)

1/R (GeV)

M.J.Aslam, Y.M.Wang, C.D. Lu PRD78:114032 (2008) T.M.Aliev, M.Savci, EPJC50:91-99 (2007)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t 2011 Ly Q)



A, Aup observation

First experimental search for baryonic b=>suu decay

CDF Run Il Preliminar

Yield: 24+ 5
18 Mass: 5621+ 6 MeV/c?

AS— Ap'w l
.

Y
1)

<+ Data

— Total Fit

—-Signal

---Backgrou r

-t
=

i
Q
-
>
QD
=
o
N
~—
-
)]
QD
-
©
e
T
c
©
O

- Y
g.3 54 55 56 57 58 5.9

M(upA) (GeV/c?)

Expectations
v'(4.0£1.2)*10-° Phys.Rev.D81,056006 (2010)

A 0 4 —. e . N e/ __ 6 v 4,.4*10°® Phys.Rev.D78,114032 (2008)
B (_Aé —> A/_L = [1. (3 +0.42 (htdt ) + (,).e_')e_')(__S}-'St_)] X 107" 1 2.08*10-6 Phys.Rev.D64,074001 (2001)

The rarest A decay to date (]
Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 ZJ :7
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BR measurement: overview
1 Relative BR

B(H, — J/0h)

o N hout =

Control channel yield CRare channel yield) Relative reconstruction

efficiency
. CDF Run Il Preliminary L=6.8fb"
i G Y T e _ Shutp
% 5000 Mas 52793nozm % Erel p— 6

| = 2 J 1k

I 3 .

; \ g e Determined from

signal MC

1 Many common systematics are canceled
1 Obtain absolute BR by world’s average BR

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 é l



BR: systematics

1 Dominant sources:
v" MC reweight (0.5-4.0%)
v" Trigger turn-on (0.8-7.2%)

» Study muon efficiency near threshold (p(pn)~1.5/2.0/3.0GeV/c)
 Repeat analysis with different p(u) threshold for each trigger

1 Total systematics (3.7~11.9%)

1 Absolute BR
v' additional uncertainty from BR(H,=>J/wh) (3.4~30.8%)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 3 2



Total BR: summary

—&— BaBar —&— BaBar

B'— K'u*'w —e— Belle B°— K u]-l-"Ll-' —e— Belle
—e— CDF(4.4fb™) —*— CDF(4.4fb™)
—e— Average —e— Average

B°— K’u*y CDF(6.8fb™) B"'— Kt CDF(6.8fb™)

B K I'f B—K I'T

02 04 06 08 1 1.2 14 16 1.8 2 . . 2.5 3 3.5 4
Branching Ratio x 10° Branching Ratio x 10°

— CDF{44'Ib1) (*) All BRs except CDF@68fb_1 are

+ - ——D
B§—> ot A\?erage taken from HFAG 2010 August

CDF(6.8fb™)

Ap— Ap'w

2 25 3 35 4 45 5§
Branching Ratio x 10°

1 World’s most precise b>suu BR measurements!

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 L) d



E Dittferential BR (1)
S

1 Breakdown complex b>suu dynamics
v Use dimuon mass squared (q>=M,, 2)

W-box diagram

v" Test exclusive b>suu decay model

v" Enable precise comparison with theory in
“clean” region (1<q?<6)
« Provide discrimination of BSM models

1 Dominant uncertainty
v" Theory: hadronic form factor

A. Ali et al., PRD61:074024 (2000)

v Experiment: statistics

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 é 4



Ditterential BR (2)

1 Divide data by six g2 region
1 Common binning among Belle, CDF; and LHCb
1 Measure yield in each g2 bin and calculate dB

__ CDF Run Il Preliminary L=6.8fb"
L0 Yield: 30+ 5 -
2 [000<q° <2.00GeVc

=18
9 r

dB/dqg? (107/GeV?/c?)

.
—h

\

00 24 6 810121416182022
q? (GeVZ/c?)

|

iy A

P S Bt I I SO0 1 BT
5 51 52 53 54 55 56 57
M(upK®) (GeVich)

8
6
4
2

veto B*>K*pp B°->K pp
BO->Koup | B*>K™uu

)
N
9
o
>
Q
O
N
o
-
S
o
O
o
S~
11]
o

B>Kupy B=2>K*pup

0 2 46 8101214 16 18 1 Combined BR is calculated
o’ (GeV?/c?) assuming isospin symmetry

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 D L_)



Differential BR (3)

1 Most theory calculation are on B>K®upu

v" Precise dB measurements other than B>K®upu
could improve the theoretical prediction

DF Run Il Preliminar

v Could give unique constraint on BSM in future

1 First results from an experiment

0 2 4 6 8 1012141618
q? (GeV?/c?)
CDF Run Il Preliminar

W

¢ : N
Gavnpo s

-# Data
— SM (B=4.0x10)
--SM (B=1.73x10%)

=

o

‘G—\
9
o™
~
Q
Q
N
o
-
N
(3]
o
o
S~
m
©

O

Y.-M. Wang, M.J. Aslam, C.-D. Lu,
arXiv:0810.0609 (2008)

=
(3]

102 46 8101214161820 SM prediction _
q (GeV2/c ) T. M. Aliev, K. Azizi, and M. Savci,

PRD81, 056006 (2010)
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Angular analysis L) (AL )

1 Decipher b—>suu decay amplitude by the kinematics

(g2 + angular distribution)
v" Access more detailed structure than differential BR

1 Require more statistics

1 Theory uncertainty canceled in the Asymmetry
v" Provides powerful probes sensitive to new physics!

[ )
Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 j 8



Angular distribution

T One can extract various information
from the decay angular distribution

10.09=0"<12.86 (GeV /ic”
B Daia
—Tptal l:it
== Signa
= Kt Swap

K* polarization

3
=]
E’B
22
w

mData i AT(2) Transverse polarization
R Sap - Swap asymmetry
FB asymmetry Aim T-odd CP asymmetry
AFB

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 O :7



Fit procedure

Perform angular analysis with maximum likelihood fit

L = | [(fsigPsig(MpB)Fsig(cos 0)H-(1— fsig) Pog(Mp) Fpg(cos b))

Signal fraction

B mass shape Angular distribution
_ CDF Run Il Preliminary L=6. 3 5 3 5
2y Yield: 30+ 5 —Fr(1—cos“6 —(1—-F;)(14-cos“8 Appcosd,]xe(cosd
§ 18 B’ K%'
42 1 =+ Data
214 — Total Fit
---- Signal
12 = Background True
signal
accepta nce
Kn g B ++¢¢+#¢¢*¢¢'°'¢“}0$¢§#{ °
52 53 54 55 56 57 08060402 0 02 040608 1
M(uuK )(GeVlc) Swap -1 -0.8 -0.6-0.4 0.2 -0 0.2 0.4 0.6 0.8

g(cos6)

Hideki Miyake



Golden probe: Agg

1 Forward-Backward asymmetry:
(g2, cosf, > 0) — (g%, cosh, < 0)

Apg(P)=— 21— HZ =/ o= R 77
(g2,cosB, > 0) 4+ (q2,cosb, < 0)

1 Most interesting observable of b>sup
v NP could swap the sign of A;; at low g2

v" Belle reports deviation from SM
v' BR(B>X_ll) disfavors the swap solution...puzzle?

Theory curve

8 10 12
g2 (dimuon mass?)

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 LJ: _L



Results: A (B*2>K*rupu)

CDF Run Il Preliminary L=6.8fb™

Arg(B" — K'u')
-+ Data
— SM

0 2 4 6 81012141618 2022
q?2 (GeV?/c?)

1 SM and many BSM models expect quite small A,
1 Some BSM models allow A;;~0.4 at high g2
1 Most precise A z(B—>Kll) measurement

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 LJ: é



Results: A;; and F; (B2>K*uu)

Simultaneous fit with K*® and K**

CDF Run |l Preliminar . CDF Run Il Preliminary L=6.8fb™"
1

0 2 4 6 8 10 12 14 16 18 -0'2024581012141618
2 (GeV?/c?) q? (GeV?/c?)

1 Among the most precise A;;/F; measurements
1 Consistent with SM and “swap” BSM model

Hideki Miyake Fermilab Wine & Cheese Seminar August 19" | 2011 T k)



A /F, comparison

Theory EEBinned theory Theory EEBinned theory
—e-LHCb —+CDF___-#-BELLE —*BaBar —e—LHCb —+—CDF___-#-BELLE —*BaBar

LHCb
Preliminary

\
Preliminary

15 20 15 20
g2 [GeV?/c*] q2 [GeV?/ 4]

Ulrik Egede, PANIC 2011
http://web.mit.edu/panicl11/talks/monday/PARALLEL-21/3-1640/egede/151-0-Egede.pdf
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New probes: A® and A.

1 Observables sensitive to right-handed currents
v" Small in SM
v" RH currents can drive asymmetries up to large values ~1

1 Provide unique discrimination of NP models
v' A®: CP conserving RH currents
v' A, : CPviolating RH currents

1 No experimental result so far

arXiv:1006.5013
C. Bobeth, G. Hiller, D. van Dyk
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Results: A® and A, (B>K*uu)

Simultaneous fit with K*® and K**

24681012:(41618 024681012:I41618
o2 (GeV?/c?) q? (GeV?/c?)

1 First measurement of RH currents sensitive A and A, |
1 No significant deviation from SM with current accuracy
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Systematic uncertainties

1 Dominant source is the uncertainties on the signal fraction
in the signal window (e.g. 0.06-0.09 for Agg)

1 Total uncertainties are in the ranges 0.09-0.16 for Agg,
0.02-0.10 for F;, 0.2-3.6 for A(?, 0.04-0.21 for A,

14 Smaller than the statistical uncertainties
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Summary

1 CDF updated the b=>spju analysis with 6.8fb

v__Not only more data, analysis greatly improved

v" First observation of Ay > Aup

- v First measurement of dB in B, @uu and Ay >App
o 1 v First measurement of A, and A, _
v" World’s best or comparable precision

.,n;;x T » Total and differential BR in exclusive b>suu decays
’ ' Agp and F; measurement

v No discrepancy with SM found yet § m

’l CDF leads exploratlon of b>sup physics o\

-u;,' 1 Submitted two letters to Phys.Rev. arxiv:1107.3753 —
b arXiv:1108.0695

e - —
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[Loose event selection

1 Track quality Vi

v Number of hits

1 Vertex quality
v Vertex probability

1 Kinematics

Lyy 7 j ET d

- Xy Sy

My 1 Particle ID

il v Kaon ID (dE/dx+TOF)
v' Muon ID

1 Hadron mass
v K o, K, K+, A(around PDG mass,
10~20 or 50~100MeV/c?)
v" ]/ for control sample

Hideki Miyake Fermilab Wine & Cheese Seminar August 19t | 2011 D A



MC tuning
1 Reweigh MC to match data

" pr(Hy), isolation, Egy;, Egap... < Use each control sample
« Muon composition (trigger groups)

B Isolation

Prob{20.7,41):99.65% . Frob w7 Prob{60.5,: Probi51.1,49): =% S . 3. :0.00%
14} KS test prob.:100.00% 0.8 ob.:81.73% rob.:0.67% .05 3 .:35 % ozl L0 ob.11.14% Kg,g.g? p.-%ﬂf'm.m"%
. | = [ os|

~1solation - Muon
= likelihood

Prob.(B vix)

Prob{77.8,48):0.42% Prob{65.1,48):5.08% Prob(64.1,49):7.23% Prob{81.2,44):0.05% Prob({58.6,43):5.65% Prob(66.9,41):0.65%
oorf KS test prob.:0.34% uif KS test prob.:0.87% *15 KS test prob.:0.44% “Tks gstproh!:ﬂ.ﬂ‘.{- 025 K Fgal pr'oh?:&?,aﬂ‘.t'- oaeh K let-sl pfob;':45.ﬁ1-=_;-:,
¥ .18 5 21

“IMuon

2(B . B vertex e
X(B) +§ probability | -likelihood
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b->suu cross-feed (2)

1 To eliminate the contaminations, we adopt
Armenteros-Podolanski parameterization:

_|— _
_ 495 — 4y
Oﬂ p— + I 11 i
qL _|_ qL %444545455464654747548452_54:"3

_Apu Ksuu
represents momentum imbalance
of daughter particles

4
J(M II

3, 6*M,\+|a|

Kgupt
—->removes 90% of A (signal loses 7%)

App
—>removes 76% of K (signal loses 11%)
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Neural Network: optimal cut

CDF Runll Preliminary L=6.8fb™
450

w0y, Significance |

». | Find optimal NN cut to
maximize the significance

Number of Events
L
o
o

w
[=]

aaaaa
S
+lg
af

Ns/\/Ns + Ny g

« A,>Appu is optimized by [+ i S

50 1 Expected Background A\
NS / ( 5 / 2 _I_ / Nb) ®91 0.92 0.93 0.94 0.95 0.96 n'lf: ;)i.ggr'it:;?:;r; t10
G. PunZi, arXiV:thSiCS/0308063 (2003) .,  CDFRunllPreliminary L=6.8fb’
= 100 :
since this 1s the first observation TR
channel :

ipaac<23NANETIN
+— Expected Signal
v— Expected Background
* 5/(5.0°0.5¢\B) TR 4
T R MR L A

0.96 0.98 1
NN discriminant
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BR: systematics

Source

1 Dominant sources:
v" MC reweight (0.5-4.0%)
v" Trigger turn-on (0.8-7.2%)

Source

Total

1 Absolute BR: large uncertainty from the control channel
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Angular distribution

1 One can extract various information
from the decay angular distribution

10.09=0"<12.86 (GeV /ic”

K* polarization

—
=
=]
—
_
2
g
L

3
—Fy, cos® Ok + Z(l —|FL)(1 — cos® k).

, ; WData : .
fgh i s Lot (2) Transverse polarization
~Kr Swap " Swap | \‘I asymmetry

A.  T-odd CP asymmetry
im

5 . 2i [1 + %(1 — FL]A-(I-z)ICOS 2¢ + Aimlsin Zgb]
70

ZFL(I —cos®6,) + §(1 — F1)(1 + cos®8,) +|Arg|cos 6, |
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Angular fit results

oeDF Run "2";’;9':2?';‘3,’3’ CDF Run Il Preliminary L=6.8fb CDF Run Il Preliminary
< < =¥ =
.00 (GeVic?) <q* (GeV?ic?) < 25[0.00<¢7<2.00 (GeVic?) <4.30 (GeVic) | T [4.302q7<8.68 (GeVilc)) 00<q7<2.00 (GeVic?) | B ,.[2.005q<4.30 (GeViic) | & .30<q*<8.68 (GeV¥/c?)
=2 ®Data 12 WData S WData
—Total Fit —Total Fit —Total Fit
==Signal 7} ==Signal
--Kn Swap -:Kn Swap
BG

®Data
=Total
== Sign

1 _ e Data Data
== signa g C i @ —Tolal F\t
"Kr Swap K p Signal
"BG > ‘K Swi F W o Kn Swap
wBG G BG

Events/(0.4
S ]

Events/(0.47)
-9

Events/(0.4n)

L

21" 05 0 05 05 0 05

K cosB cosH
3 27 _
qqﬁ.m(gev'c] o -1413-:qi<1snn(cav'fc’) qzﬁsun ?<19.30 (GeV7ic7]
—Total Fit —Jotal Fit
Lart | 3 .Dnar
o Kr[ Swap
G

n
o
d
-

Data <12.86 (GeVic’)|
—Tctal Fit S ®Data
S ignal —Total Fit
Kx Swap ==Signal
‘BG i --g;’:S--l‘an
G

Events/(0.4)
n
S
Events/(0.4)

Events/(0.4r)
Events/(0.47)

5 1
coso,
<6.00 (GeV7ic?)

=3
o
=3

GeViic)

S ®Data
=Total Fit =Total Fit
--Signal [ --Signal
=Kn Swap t =-Kn Swap
wBG “BG

w
o

Events/(0.4)
&

Events/(0.4)

(-]

Events/(0.4n)
- - NN
O OO O

_o
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K™°uu g2 bin yield

obYield:303:46
0.00 < o < 2.00GeV3/c?

Yield:14.042
145-2.00 < ¢ < 4.30GeV2c?

L Yield:309+73
4.30 < ¢? < 8.68GeV2/c?

Events / (20 MeV/c®)
Events/ (20 MeVic?)
Events / (20 MeV/c?)

i i / ,
1 Py e

56 5.7 E 53 54 5 5, 5 53 54 55 56 5.

M{unK™) (GeVic) uK") (Gevic? M{uuK™) (GeVic?)

—

o
m,
m

Yield:37.9+ 7.0 2 FYield:31.2+ 4.6

5 . Yield:20.5 = 4.7
10.09 < ¢f < 12.86GeV2/c? 14.18 < f* < 16.00GeV?/c? ?

[ 16.00 < o? < 19.30GeV%c?

o
>
s
=
=25
s
8
E
§
g
w

Events / (20 MeVic?)

0.00-2.00

2.00-4.30

4.30-8.68
10.09-12.86

S 1

ol

ﬁ ﬁ -5_ g

51 52 53 54 55 58 57
M{upK™) (GeVic?)

3 Yield:436+ 64 2 T Yield:23.5+64
0.00 < ¢f < 4.30GeVic? 22201.00< ¢? < 6.00GeV/e?

0.30

o

51 52 53 54 55 56 57 5 51 52 53 54 55
M{upK™) (GeV/c?)
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0 2 4 6 8 10 12 14 16 18 '0'2024681012141618
o (GeV?/c?) ? (GeV?/c?)

. 4
CDF Run Il Preliminary L=6.8fb . ,CDF Run Il Preliminary L=6.8fb"

10 12214 162132 002 4 6 8 1012 i'4 16 18
F (GeV?/c?) o (GeV?/c?)

Same final state as 4.4tb* analysis
Consistent with combined fit
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